Objectives: to measure the prevalence of hypovitaminosis D in healthy pregnant women and to analyze the association among some variables and the levels of vitamin D.
Introduction
Vitamin D is not in fact a vitamin, under proper conditions, it can be synthesized by human beings. The synthesis begins with the oxidation of dietary cholesterol in the intestine, forming a 7-dehydroepicolesterol. This compound is then transported through the bloodstream up to the skin where under the effect of a solar ultraviolet B (UVB) radiation, it is non-enzymatic form converted into vitamin D 3 or Cholecalciferol. The synthesis accounts for approximately 90% of the total vitamin D in the organism. 1, 2 The exposure of approximately 18% of the body's surface area equivalent to the arms and legs in sunlight for at least 15 minutes daily is sufficient to ensure an adequate vitamin D synthesis, 3 which can vary according to latitude, season of the year, skin color, use of sunscreen, cultural or religious factors, and so on. 4, 5 Numerous studies have revealed an association between maternal plasmatic levels of vitamin D and various pregnancy outcomes. At the time of fertilization, the level of vitamin D in mothers is associated to an increase in the success rate of assisted reproduction techniques. 6 Andersen et al. 7 found that the risk of miscarriage was lower in pregnant women with normal levels of vitamin D. Vitamin D insufficiency is also associated to a higher occurrence of gestational diabetes, pre-eclampsia, small-for-gestational-age infants, preterm births and bacterial vaginosis. [8] [9] [10] A systematic review carried out by Palacios and Gonzalez 11 demonstrates the high prevalence of hypovitaminosis D worldwide, even in areas with abundant sunlight during practically the entire year, and the huge information gaps that still exist.
The lack of studies on the prevalence of hypovitaminosis D in healthy pregnant women in Latin America in general, in Brazil, and in particular in the Northeast region, motivated us to conduct this study, which aims to measure the prevalence of hypovitaminosis D (deficiency or insufficiency) in healthy pregnant women and to verify the association among demographic, socioeconomic and obstetric variables and plasmatic levels of vitamin D.
Methods
A quantitative, observational, analytical, crosssectional study was carried out in four Basic Health Units (BHU) in São Luís, MA (Brazil). The city of São Luís, capital of Maranhão state is located at a latitude of: 2º 31'48"S, this is close to the equator. This region does have the two defined climatic seasons: a rainy summer and a dry winter. The duration of the day in São Luís does not vary significantly during the year, about 16 minutes more or less than 12 hours a year, in other words, the shortest day of the year has 11h 44min of sunlight, while the longest day has 12h 16min. 12 All healthy pregnant women, in other words, without comorbidities who received prenatal care at the selected BHU in the period of January and February of 2017 (beginning of summertime -rainy season) were invited to participate in this study. Pregnant women who used vitamin D supplementation at any point during their pregnancy prior to the data collection were not included in this study. At the end of the data collection, 174 women were included.
The data were collected by using a form filled out by a researcher. A blood sample was collected from the participants at a private laboratory in São Luís to measure the plasmatic dosage of vitamin D. The dosages of vitamin D levels were measured by using the ADVIA Centaur Vitamin D Total test (Siemens ® , Berlin, Germany).
All the data were entered in an MS-Excel ® spreadsheet program (Microsoft, Charlotte, NC, USA) and then exported to Stata 12.0 ® program (Stata Corp, College Station, TX, USA) for statistical analysis. The qualitative variables were presented as absolute and relative frequencies, whereas the quantitative variables were presented as the mean and standard deviation. The association between the independent variables and the level of vitamin D was verified by the Student's t-test and Chi-square test. A value of p<0.05 was considered statistically significant.
This study used the following levels of vitamin D to classify as: sufficiency -plasmatic level greater or equal to 30 ng/ml; insufficiency -plasmatic level greater or equal to 20 ng/ml and lower than 30 ng/ml; deficiency -plasmatic level lower than 20 ng/ml; and hypovitaminosis D -the presence of insufficient or deficiency of vitamin D. 13 As ethnicity can influence the production of vitamin D, two categories were created based on the skin color: dark skinned pregnant women, which included black, mixed and indigenous women; and light-skinned pregnant women, which corresponded to white women.
This study was approved by the Human Research Ethics Committee of Universidade Ceuma (CEP-Ceuma), Consolidated Document n. 1,593,090. All the collected data were carried out after the final approval of the project by CEP-Ceuma. All the patients or guardians when applicable, were Hypovitaminosis D in pregnancy informed about the risks and benefits of participating in the research, agreed to participate and signed an informed consent form. No data that could identify the patients were collected.
Results
A total of 174 healthy pregnant women with a mean age of 25.7±6.2 years (age range of 14-40) were analyzed. Regarding to skin color, 148 (85.1%) were dark-skinned, and 26 (14.9%) were light-skinned. In relation to marital status, 120 women (69.0%) lived with their partners. Regarding to religion, 94 participants (54.0%) were Catholic, 49 (28.2%) evangelic, one (0.6%) was messianic, 26 (14.9%) affirmed having no religion, and four (2.3%) refused to answer. (Table 1) The mean number of inhabitants per household In total, 129 pregnant women (74.1%) declared that they did not use sunscreen. According to life habits, five patients (2.9%) affirmed to smoke, and two (1.1%) regularly consumed marijuana (Cannabis sp), whereas alcohol consumption was referred by six participants (3.5%).
One hundred and twenty women (69.0%) were primigravida, and the mean gestational age was 20.8±9.6 weeks ( Table 2) . Table 1 Healthy 174 pregnant women's skin color/ethnicity, marital status and religion -São Luís (2017). The mean concentration of 25 (OH)D was 24.9±6.6 ng/ml. For the purpose of the analysis, the participants were divided into three categories: 40 women (23.0%) had vitamin D sufficiency, 93 (53.4%) had vitamin D insufficiency, and 41 (23.6%) had vitamin D deficiency.
Variables

Skin color / Ethnicity
When analyzing the association among the sociodemographic and obstetric data and the mean of vitamin D concentration, a statistically significant difference was observed among the evangelical (23.1ng/ml) and non-evangelical (25.5ng/ml) (p=0.02) and between primigravida (23.8 ng/ml) and non-primigravida (25.7ng/ml) (p=0.03). The other variables (marital status, skin color, use of sunscreen and gestational trimester) did not present a statistically significant difference. (Table 3) When the association between the independent variables and hypovitaminosis D was analyzed, there was a statistically significant difference between adolescents (89.7%) and non-adolescents (72.6%) (p=0.02) and between primigravida (85.0%) and non-primigravida (69.2%) (p=0.01). (Table 4) In relation to hypovitaminosis D showed that there was a statistically significant difference when analyzing monthly income per capita. Among pregnant women with hypovitaminosis D, the average monthly income per capita was R$416,20 (95%CI 370.71-461.69) equivalent to US$ 130,06, whereas among those with vitamin D sufficiency, the average monthly income per capita was R$273,99 (95%CI 222.53-325.44) which is equivalent to (US$ 85.62) (p<0.01). Table 2 Healthy 174 pregnant women's obstetric data -São Luís (2017).
*Gestational age mean and standard deviation. Table 3 Factors associated to the mean concentration of vitamin D in healthy 174 pregnant women in São Luís (2017). Table 4 Prevalence of hypovitaminosis D in relation to marital status, skin color, religion, use of sunscreen, adolescence, number of pregnancies and gestational trimester in healthy 174 pregnant women in São Luís (2017).
Variables
Gestational age
* Student's t-test.
Variables
*Chi-square test. When analyzing the association among the sociodemographic variables and the presence of vitamin D deficiency, insufficiency and sufficiency, a statistically significant difference was found between the evangelical and non-evangelical (p=0.01) and between the primigravida and the nonprimigravida (p=0.04). (Table 5 )
Marital status
Discussion
This study found a hypovitaminosis D prevalence of almost 80% in the analyzed sample.
The racial composition of the selected sample reflects the situation in Brazil as a whole and, in particular, in Maranhão State. The intense miscegenation explains the predominance of mixed women found. When mixed women (62.0%), black women (21.8%) and indigenous women (1.2%) were together, 85% of the pregnant women were considered dark-skinned.
There was no statistically significant difference in the concentration of vitamin D among darkskinned and light-skinned pregnant women, which may be due to the fact that, although São Luís is a very sunny city, it is close to the line of the equator, also São Luís is quite warm with an annual temperature of approximately 27ºC (80.6°F). For this reason, people avoid exposing themselves to the sun, looking for shaded areas throughout the day, using sun umbrellas when walking or even avoiding outdoor activities during the sunniest hours of the day. This phenomenon was observed by other authors, 14, 15 but a study carried out in Riyadh, Saudi Arabia, seems to corroborate this hypothesis more firmly, because it found that pregnant women with greater sun exposure at dusk than at noon or in the morning had significantly less vitamin D deficiency. 16 Another potential impact on cutaneous vitamin D synthesis was the use of sunscreen, which was used by 25.9% of the pregnant women. However, this variable was also not significantly associated to Table 5 Prevalence of vitamin D deficiency, insufficiency and sufficiency in relation to marital status, skin color, religion, use of sunscreen, adolescence, number of pregnancies and gestational age in healthy 174 pregnant women in São Luís (2017).
*Chi-square test. 
Variables
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Hypovitaminosis D in pregnancy the concentrations of vitamin D, suggesting once again that the participants as a whole did not expose themselves sufficiently to sunlight, which reduces the possible impact of sunscreen, or they used sunscreen improperly or irregularly. 4 The evangelical religion was related to both a lower mean of vitamin D concentration and a higher prevalence of vitamin D deficiency. This difference was attributed to evangelical women wearing clothing that covered more their body, which would lead to lower production of vitamin D as a result of less skin area exposed to sunlight. An Israeli study found a difference in the prevalence of vitamin D insufficiency and deficiency when comparing orthodox and unorthodox Jewish pregnant women. 17 Some studies comparing pregnant women who wore veils to those who did not wear veils also showed a significant difference in the concentration of vitamin D. 18, 19 An inverse relationship was found between vitamin D sufficiency and the household income per capita. This finding can be attributed to the fact that pregnant women with lower household incomes may have occupations that require greater sun exposure. A study in Thailand seems to corroborate this hypothesis as it found that women with lower schooling level and household income had higher vitamin D values, likely due to greater sun exposure. 20, 21 Gestational age was not associated to the changes in plasmatic levels of vitamin D. Although, a high prevalence of hypovitaminosis D was observed in all the pregnancy trimesters. Similarly, in a study performed in the city of Delhi, India, Marwaha et al. 22 found no significant difference in the prevalence of hypovitaminosis D between pregnancy trimesters and also found a high prevalence of hypovitaminosis D, which was further aggravated by the fact that 96.3% of the pregnant women studied had vitamin D deficiency.
Being primigravida was associated to a lower mean of concentration of vitamin D, a higher percentage of hypovitaminosis D and a lower percentage of vitamin D sufficiency, which was in agreement with the results from other authors. 20, [23] [24] [25] Pregnant adolescents had a higher percentage of hypovitaminosis D. Perhaps pregnant adolescents may tend to be more withdrawn and participate in fewer outdoor activities or even have less adherence to prenatal recommendations. Studies have shown that this age group seems to be more vulnerable to vitamin D deficiency. [26] [27] [28] [29] Therefore, even studies conducted in different cities, located in different latitudes, and with different ethnic groups and cultures show a very high prevalence of hypovitaminosis D, similar to that found in the present research, which was performed near the line of the equator, an area of maximum solar radiation throughout the year. This suggests that the main common factor in the hypovitaminosis D epidemic must be the lack of adequate exposure to sunlight imposed by the climate, culture or modern lifestyle.
The collection of epidemiological data by a single researcher, and all the plasmatic dosages performed in the same laboratory and with the same equipment, demonstrate that the results of this present study can be extended to the group of pregnant women in the region of São Luís and other cities with the same climatic and social characteristics.
The main limitation of this study was that its cross-sectional design did not allow the establishment of the cause and effect relationships between the analyzed variables and the plasmatic levels of vitamin D, however the findings of the research suggest a strong association between them. Further longitudinal studies will be needed to confirm the findings of this present study.
Because of the impact of inadequate levels of vitamin D in pregnant women and their babies' health, hypovitaminosis D in pregnant women is an important public health issue.
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